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STRAIGHT LE.ADIHG EG!S AI'.D WITH OONSTANT-
OHORD OINTER SEDTIONS OT DIF¥ERENT SPANB

By Richard W, Falrbanks: and Sidnqy R, Alexander
SUMMARY

An investigation was conducted in the NACOA 19-foot
pressure tunnel of two-tapered wings with NACA 230-series
airfoll sections, straight leading edges, and constant—
chord center sections, The spans, areas, and root chords
of both wings were equal. The center—sectlon epan of one
wing was equal to the root chord; whereas: the center—
section span of the other was equal to twlce the root
chord. Both wings were equipped with partlial— aand full—-
span simple eplit flaps.

Lift, drag, and pitching-moment coefficlents were
determined for the plain wing and for each flap arrange—
ment through a test Reynolds number range of 2,60¢,000
to 4,700,000, Stalling characteristics were determined
for the plain winge and with flaps deflected 60°.

The results of this investigation indicate that the
wing with the square center section has greater maximum
11ft coefficlents and greater increments of maximum 11ft
due to flap deflections than the wing with the rectangu—
lar center section. The difference in drag coefficient
for the plain wings 1s not appreciadle. The aerodynamic—
center locations were determined as 0,339 of the mean
chord back of the leading edge feor the. wing with square .-
center sectlons and 0.244 of the mean chord for the wing
with rectangular center sestion. Stall progressions
starting at the center section and working outboard were -
indicated for both wings. Deflecting the flaps on both
wings resulted in a sudden stall, .

:

INTRODUCOT ION

Acserles of tests 1s being conducted in the 19-foot
pressure tunnel of LMAL at the request of the Bureau of



Aeronautics, Navy Department, to determine the aerody—
namic and stalling characteristices of oconventional wings
with a nonlinear -disyridutdon-of both .erea and sectlon
aerodynamic centers. The models for these tests were
constructed by the Navy Department from speclfications
furnished by the NACA. K Tests of two tapered wings with
constant—chord center sections and straight trailing
edges designated wings III and VI are reported in refer—
ence 1. The présent report covers tests of two tapered
wings with constant—chord center sections and straight
leading edges, which are designated wings I and IV,

The lbcatioi'of wing aorodynamic center 1s dependent
upon the distribution of area and section aerodynamic
centers along the span. Research reported in reference 2
provides data for determining the approximate location of
the aerodynamic center-for wings with a nonlinear distri—
bution either.of area or of - .section aerodynamlc centers.
Calculated values for the wing acrodynamic conters wexe '
obtained dy the method of reference -2 for comparison with
the experimental values Lobteined in .the tests., Values of
section aeroiynamia cpntars for these particular wing .
sections were taken from reference -3, - : ’

. For the tests reported herein, lift, drag, and. pitch—
ing-moment characteristics wore determimned- for ehch’ wing
without flaps and with particl— and full—span sinmpis- split
flaps at various deflections -thi dugh & Reynolds number
range from 2,600,000 $0 4,700,000." A. study of the étalling
characteristios of the wings ‘was -also: maue.

)

u'onm.s

[

The p*ain wingq br basic modela were furniahed by thé
Bureau of Aeronautics, Nayy ‘Department , .and were Built to
NACA Gpecifications, .Thess .wings have heen ‘designated =~ -
wing I and wing IV. The .general -dimexstons' of the two
wings are given in figure 1, They were constructed of lami—
nated mahogany to NACA. 230—series adrfodl sections, and
were sprayed with lacquer and.sanded smaoth. The airfoll
sections are NAOA" 23015 at the root .and NACA 33009 at the
construction tip. The maximunm. ordinate points of the upper
surface lie in the same horizontal Pplahe :and the leading
edges are straight. XNeither wing has geometrlc twist.

The span, area, root chord, and aspect ratio of both wings
are equal. The center—sectlon span of wing I is equal to
the roct chord, and the center—section span of wing IV ls
equal to twice the root chord. The taper ratios for the
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outer panels are- 2.00.and .2.86 and. the forward sweep of
the-guarter-chordﬂpointa 6f Tthe outer“panels is 3.17° and
5.26° for wings I and IV, respectively. )

The flaps used were 20—percent—éhord simple spli®
flaps constructed .of thin metal. The deslred flap defleoc—
tions ‘were obtained by inaerting triangular wooden dlocks
between the wing lower surfacé and th¢ flap.’ The flap ™
spans wvere B3 percenty of .tha wing span for the partial—
span condition and 90 percent of thé wing span for the
full—span condition, Tt )

PESHS -

The tests woera conducted in the ¥ACA 19~foot pres—
sure tunnel with the alr in the tunnel compressed to an
absolute pressure of 36 pounds per equare inch, and with
the model mounted on the standard wing supporte (fig. 2).
The purpose of the tests was to determine the asrodynamic
and stalling characteristice of convertional wings with
nonlinear distribution of both area and sectlon aerody—
namlc centers, ) )

The method of teating was simllar to that used in
reference 1 and values are -bellevéd to be accurate within
the following limits: ,

Gy, ABETOGOB « .+ + o« « o o .0 s+ o s o« o o o o o o » o« 0,1
cL‘ﬂ-&z e ® o ¢ v o s e » .'c' s o o e . ‘e e e ® .'-'I."' :I:ooos
cm o = e 0 e o . e ‘e @ R . s o g o 9 o :E0.0QS

GD(GL = o) . . . ] . . . [ . . _'. - -u . ) [ ] [ ] ® :!:0.00(.).3

Lift, drag,and pltchirg-moment data were obtalned
from force teste for the plain wings (§f = 0°) and for

the wings with partial—span.and  full—span ‘flaps deflected
16°, 309, 45°, and 60°, The tests covered an angle—of—
attack range from —6° to the angle of stall at test
Reynolds numdbers of approximstely 2,600,000, 3,700,000,

"and’ 4,700,000, A study of-the.stalling.characteristics

was made by observing the action, of wodl.tufts attached
to the uppoer surface of the wing. Sketches, still pic—
tures, and moving picetures were made of the stall pro—
gresgion at varlous angles of.altack for the plain wing
and for the wing with partial—span and full—span flaps
deflected 60° at a Reynolds number of approximately
4,700,000, '



RESULTE AMD DISOUSSION

Symbols

Tha data are preaepted 'in terms of standard nondi-
mensional coeffioiants and .are corrected .for model support
‘tare- and. in?erference. The coefficlents and symbols
used herein are defined as follows.

Cy, 11ft coefficient (L/qS)
Cp drag coefficlent (b/qs)

Cn pitching—moment ooefficient about quarter—chord
R ~point. pi root section (¥ /q8%¢)

LR,

s ;.-_.__ [

. where "'l'- e L | T LT F
“:i“ﬁ?:nl lift, pounds J?-i{ .
'f;DT;t vdrag. pounds-“ -J . ’ ::
.| pitching moment,.;o;t—pounds- e ) d
:.q H d;namic %ressura of undisturﬁed ;1; ;tream "pounds
_ per square foot K‘ pv;\ : _f:j: h .;L:i
'?S‘ . . wing arna (32 14 sq ft) . T
'.é_ " rean ‘chozd, S/b (2 12 ft) co

b wing span (IS 'f6). . . . . S
0. ! mase density of sir, slugs per cubdic foot:
v fre£§5t¥§gm vqiocity; feet pér-;acp;d

PR

dnd " S :;..

E _:§f _1‘1ap deflection ﬁeasured .betwéen lower aurface of

- wing and flnp, degreas

PR 1

. ‘4':- angle of attack - of root chorﬂ corrected for jet—

: boundary effect and air—flow miaalinemant degrees
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R Roynolds number based on mean wing chord (pVE/w)

" coefficient of viscosity
M Hach number (ratio of free—stream velocity to speed
of sound)

Lift and Stallling Characteristics

Force—test data for the range of Reynolds numbsers
are presented in figures 3 to 8. Oomparison of the 1lift
values at 8¢ = 0 reveals that wing I has a maximum 1if¢

coefficlant of 1.64 (fig. 5) as compared with 1.62 (fig.8)
for wing IV. The variation of maximum 1ift coefficlent
with Rerynolds number is shown in figurgs 9 and 10. No
consistent variation 1e indicated. Figureé 11 shows vari-
atlor of increment of maximum 1lift with flap deflection,
Tho increment of maximum l1ift coefrficlent due to partial—
and full—span split flaps deflected 60° is 0,74 and 1.10,
rospectively, for wing I and 0.65 and 0,98, respectively,
for wing IV,

A comparison of the data presented ir flgures 5, 8,
and 11 with similar data of reference 1 reveals that the
wing with a straight leading edge has a higher maximunm
l1ift and & greater lncrement of maximum 1ift due to split
flaps than the corresponding wing with a stralght trail—
ing edge.

The stell dlagrams are shown in figures 12 to 17.
The stall progression of both wings wilthout flepe 18
rapld, the stall starting at the center sectlon and mov—
ing outward, The tips did not stall throughout the range
of angles of attack investigated. A decided cross flow
was noted along the trailing edge lnward as far as the
constant—chord section, The addition of partisl-span and
full—span flaps has little effect on the angle of stall,
With flaps deflected, both winge have a sudden stall, the
most crltical co%dition being when the full—sepan flaps
are ¢eflected 60 . )

A conpariseson of the stallirg characteristics of the
wings reported herein with those of refoerence 1 reveals
thet wings I and IV have higher angles of stall and a
more ranid stall progression than wings III and VI of
reference 1, For wings I ani IV the stall starte at the
center sectlon; whereas for the wings of reference 1
the stall starts outboard and progresses toward the center.



Drag Characteristics

A conparison of the drag curves of plain wings I and
IV reveals no appreciable difference in the drag coeffi-
cients up to a 1ift coefficlent of 1.0.

Pitching—Moment Characteristice

The pitching-nonount surves for wings I and IV are
shown together in figure 16 for conparison. Both curves
have o posltive elope, indicating that the wing nerody—
namic center 1s forward of t:0 quarter—chord point of
the root section, The slope of the pltching-nonent curve
for wlng I indicates that 1lts anocrodynamic center is far—
ther forwvard., Decause wlng IV Los greater sweepforward
than wlng I, the effoct of increesing the center—section
span 1ls to decrease the tendency of the sweepforward to
shlf% the serodynamic center forward,

The positions of the wing aerodynanic centors neas—
ured from the leadlng edge were determined both from the
experimentsl data of reference 3 and by calculation ac—
cording to the method outlined in reference 2., A compari-—
son of these results is given in the following table:

Horlzontel location of aerody—
Wing nanic center back of leading
edge in terms of S/b

Exnerimental Calculated
I 0.239 0.256
Iv ' 244 362
CONCLUS IONS

The teste reported herc'n were of two tapered wings
having stralght leading edges ané constant~chord center
sections but with different centur—section spans, The
center—sectlion span of wing I was equal to the chord and
that of wing IV was twice the chord, The results indi-
cate the following conclusions:
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1. Wing I has greater maximum 11ft coefficients and
greater increments of maximum 1i1ft coeffioclent due to
8plit flaps than Wing IV for all comparable conditions
tested.

2., The inocrement of mapximum 1i1ft coefflicient due to
eplit flaps 18 greater for the wings with stralght lead-—
ing edgoes than for simllar wings with stralght trailing
edgzes,

3. The difference in drag coefficienta of wing I and
wing IV at low and moderate lift coefficlents is not ap—
preciable,

4, Thoe effect of inecrcave in coenter—sectlion span 1is
to decrease the shlift of the acrodynamic center of the
wing in the direction of the wing. sweep.

Langley Memorlal Aeronautical Laboratory,
Hatlonal Advisory Committee for Aeronasutics,
Langley Fleld, Va.
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Figure 8.- Wing 1 on standard supports in NACA 19=foot pressure tunnel.
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